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The Snoqualmie pass area lies about 50 mi (80 km) east of Seattle, 
Washington, along the crest of the Cascade Range. Five stratified units, 
forming a composite section over 22,000 ft (6700 m) thick, are recogniz-
ed in the area. They were deformed and later intruded by granodiorite 
and quartz monzonite porphyry of the Snoqualmie batholith (middle Mio-
cene). The oldest unit, the Denny Formation (Permian), 7000 ft (2100 m) 
thick, consists of interstratified basalt, andesite and dacite volcanic 
rocks and limestone and chert beds. This formation is unconformably over-
lain by a thick conformable sequence of early Tertiary strata which are 
2 
subdivided, from oldest to youngest, into the Guye Formation, Mount Cath-
erine Tuff, and Naches Formations (Paleocene to early Oligocene). The 
Guye Formation, 6500 ft (1980 m) thick, consists of carbonaceous mud-
stone, quartzofeldspathic siltstone and sandstone, and chert conglomer-
ate. The Mount Catherine Tuff, 900 ft (274 m) thick, consists of inter-
stratified dacitic and rhyolitic crystal-vitric welded tuff. The Naches 
Formation, more than 6000 ft (1830 m) thick, is composed of carbonaceous 
mudstone and quartzofeldspathic siltstone and sandstone with interstratif-
ied andesitic lava and pyroclastic rock. The Denny Mountain Formation, 
. 
informally named, 1800 ft (550 m) thick,(Oligocene or early Miocene) 
overlies the Guye Formation along a major angular unconformity. This unit 
consists of interstratified dacitic and andesitic tu££, volcanic breccia, 
and intercalated andesitic lava. 
The rocks of all stratified formations except the Denny Mountain 
Formation were deformed at different times before emplacement of the Sno-
qualmie batholith. During batholithic emplacement, four stages of deform-
ation are recognized: (1) development of an anticline in the Guye, Mount 
Catherine Tuff, and Naches Formations, (2) break-up of this anticline and 
downfaulting of limbs with displacements up to 2 mi (3.2 km), (3) uplift 
of blocks of the Denny Formation and juxtaposition of these with younger 
formational units, and (4) uplift of additional blocks of the Denny Form-
ation along trends that cut obliquely across stratigraphic contacts and 
previous structural trenas. 
Intrusion of the Snoqualmie granodiorite and quartz monzonite por-
phyry into limestone beds of the Denny Formation has formed local deposits 
3, 
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of skarn containing principally magneti~e and lesser amounts of chalcopy-
rite. 
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INTRODUCTION 
Purpose 
The purpose of this report is to describe the bedrock geo-
logy of the Snoqualmie Pass area. 
Location and Access 
The rugged Snoqualmie Pass area is located about 50 mi (80 km) 
east of Seattle, in the Central Cascade Range of Washington (Fig. 1). 
Interstate 90 (U. S. Highway 10) crosses the Cascade Crest at Sno-
qualmie Pass, 3004 ft elevation, and the Burlington Northern Rail-
road (formerly the Milwaukie, St. Paul and Pacific) passes 2 mi (3 km) 
south of Snoqualmie Pass. A paved road branches northward at Snoqual-
mie Pass into Alpental Valley. 
Access into the area is primarily along trails at lower elevat-
ions. Bedrock outcrops occur in stream channels, along steep slopes, 
and on ridge crests at higher elevations. Many areas of geologic in-
terest are accessible only to the rock climber. The Pacific Crest 
Trail takes two paths through the area, splitting at Snoqualmie Pass. 
One passes under Red Mountain, and the main branch follows Alpental 
Valley to Snow Lake. The two trails rejoin near Goldmeyer Hot Springs 
4.5 mi (7.3 km) north of Snoqualmie Pass. Other trails follow Denny 
Creek to Melakwa Lake, then along Lodge Creek to Lodge Lake where it 
SEATTLE! 
0 
SNOQUALMIE: PA~ 
WENATCHEE 
0/ 
0 YAKIH1' 
Figure 1. Map showing the location of the Snoqualmie Pass 
area, Washington. 
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joins the Pacific Crest Trail, and another ascends the south slope of 
Granite Mountain. Old, unmaintained trails lead to mineralized areas 
on Cave Ridge and on the south side of Denny Mountain. 
Climate and Vegetation 
Precipitation at Snoqualmie Pass averages 104 inches (266 cm) 
annually. Snow leaves the higher slopes usually in late July. Temp-
eratures average 58° F (14° C) in July, and 260 F (-30 C) in January. 
Morning fog occasionally fills the valleys in the sununer months. 
Common understory plants are huckleberry, salmonberry, service-
berry, and devil's club. Sitka alder covers steep slopes subject to 
avalanche. Common trees are pacific silver fir, noble fir, Douglas 
fir, western hemlock, western red cedar, and western white pine. 
Previous Work 
The geology of the Snoqualmie Pass area has been previously 
mapped on a scale of 1:125,000 by Smith and Calkins (1906) and Foster 
(1957, 1960). Their maps are .at a scale of 1:125,000. Erikson (1968, 
1969) made a reconnaissance map, scale 1:62,500, of the Snoqualmie 
batholith, and emphasized its petrology. Hammond (1963) has described 
rock structures and units to the south and west of Snoqualmie Pass. 
Detailed geologic studies have been done by Foster (1955), Pariseau 
and Gooch (1960), Danner (1957, 1966), and Vocke (1973). The strati-
graphy and morphology of glacial deposits has been described by 
Porter (1976). 
3 
Methods and Classification 
Twenty-eight days were spent in the field during the summer of 
1971. The 7~-minute advance topographic sheet of the Snoqualmie 
2 NW quadrangle, 1961, was used as a base map in the field, and for 
the final geologic map (Pl. 1). Determination of location in the 
field was greatly aided by a pocket altimeter accurate to 50 feet. 
A total of 315 sites were described; 235 hand specimens and 95 thin 
sections were studied. 
Anorthite content of plagioclase in thin sections was determined 
by the a-normal method, using the charts of Tobi (1963,Fig. 6). The 
plagioclase of all volcanic rocks was assumed to be the high temper-
ature disordered type, and that of the Snoqualmie batholith the low-
temperature ordered type. Many visual estimates of the mode were 
made, but point counts of 500 points or more per thin section were 
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made of representative samples in all formations except the Denny Form-
ation and Denny Mountain Formation. Thin sections were prepared for 
point counting by staining the plagioclase and potassium feldspar. 
Microscopic identification of minerals was based on the criteria of 
Deer, Howie, and Zussman (1966). 
Rock names of fragmental volcanic rocks follow the classificat-
ions of Wentworth and Williams (1932) and Fisher (1960, 1961). They 
are defined on the estimated percentage volume of the constituents 
(Fig. 2) after Smith (1964). The classification of tuffs (Fig. 3) has 
been modified from O'Brien (1963). Compositional names of intrusive 
Ash 
,4 mm 
Volcanic breccia 
~reccia 
32 mm 
J.apillistone 
I:.api lli-breccia 
H 4 mm 
32 mm 
4-32 mm 
Figure 2. · Classification of fragmental volcanic (volcani-
clastic) rocks (after Smith, 1964). 
Lithic 
Lithic tuff 
75 
Crystal-lithic Vitric-lithic tuff 
Lithic~crystal tuff 
75 75 
Crystal tuff Vitric tuff 
Crystal Vitric 
Vitric-crystal tuff Crystal-vitric tuff 
tu ff 
Figure 3. Classification of tuffs (modified from O'Brien, 
1963). 
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rocks follow Travis (1955). Sedimentary classification generally 
follows Folk (1974). Nomenclature follows definitions found in the 
Glossary of Geology, (Gary and others, 1972). 
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DESCRIPTIVE GEOLOGY 
General Stratigraphic Relationships 
Table I outlines the general stratigraphy of the Snoqualmie Pass 
area. The oldest exposed rocks are assigned to the Denny Formation 
of middle-to-late Permian age, and are in fault contact with all 
younger rock units. 
No rock of the Mesozoic age is exposed. 
The oldest tertiary rock unit is the Guye Formation; it is of 
Paleocene to Eocene age. The base of this unit is not exposed. The 
Mount Catherine Tuff, of probable Eocene age, conformably overlies the 
Guye Formation. In the Snoqualmie Pass area, the Mount Catherine Tuff 
consists of interstratified dacitic and rhyolitic crystal-vitric tuffs, 
and does not contain volcanic sedimentary interbeds . (Hannnond, 1963) 
found in other areas. The Naches Formation of probable middle Eocene 
to early Oligocene age conformably overlies the Mount Catherine Tuff. 
The lower 6000 ft (1830 m) of the Naches are exposed in the Snoqual-
mie Pass area. The upper part is exposed east of the area (Pl. 1). 
The Denny Mountain Formation, informally named in this study, of 
Oligocene or early Miocene age, unconformably overlies tilted strata 
of the Guye Formation·. 
During the middle Miocene, all rock units in the Snoqualmie Pass 
area were deformed and intruded by the Snoqualmie granodiorite and 
quartz monzonite porphyry of the Snoqualmie batholith. 
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TABLE I 
GENERAL STRATIGRAPHY OF THE SNOQUALMIE 
PASS AREA, WASHINGTON 
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Epoch Thickness Formation ft (m) Description 
., 
y i:: Granodiorite and quartz monzonite Ql Snoqualmie u - porphyry of the Snoqualmie 0 Granodiorite ..... !'--... batholith .• ::i:: 
Denny Mountain 1800 Interstratified dacitic and 
andesitic tuf f and volcanic breccia Formation (550) 
with intercalated andesitic lava. 
Ql 
i:: 
Ql 
u 
0 
CIC ..... 
.-i 
0 
Quartzofeldspathic sandstone, silt-
Naches "'6000 stone, and fossiliferous mud-shale 
Formation ("'lll30) with interstratified dacitic and 
rhyolitic tuff and andesitic lava • 
., 
i:: 
~ount Catherine 900 Interstratif ied dacitic and Ql u 
Tuff (274) rhyolitic crystal-vitric tuff. 0 I'-.... l>l 
Carbonaceous and fossiliferous 
6500 mudstone and mud-shale; sandstone Guye and conglomerate. Composition: Formation (1980) 
mostly quartz, plagioclase, and 
., chert • 
i:: 
QI 
u 
0 
QI 
.-i ., 
""' 
QI .... 
:! Interstratified basaltic, 
Denny 7000 andesitic, and dacitic pyroclastic 
Fonnation (2100) rock and lava, limestone, and 
chert • ., .-i 
"O 
"O 
~ 
Denny Formation 
Definition 
The oldest exposed strata in the area consist of interstratified 
dacitic, andesitic, and basaltic volcanic rock, limestone, and chert, 
forming a unit about 7000 ft (2100 m) thick. They were originally 
assigned to the Guye Formation by Smith and Calkins (1906). Foster 
(1957, 1960) separated them from the Guye Formation, and named them 
tbe Denny Formation after the outcrops on Denny Mountain. 
Distribution 
Outcrops of the formation form a north-northwest trending belt, 
extending from the south slope of Denny Mountain to beyond Chair Peak 
(Pl. 1). Isolated parts of the formation crop out on the south and 
west slopes of Snoqualmie Mountain. 
Stratigraphy 
In the Snoqualmie Pass area, the Denny Formation has been broken 
by faulting into six blocks differing in lithology, stratigraphy, and 
structure. No detailed stratigraphy in any of the blocks has been 
worked out because of inaccessible terrain. 
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A large part of the Denny Formation consists of interstratified 
dacitic, andesitic, and basaltic tuffs, breccias, and lava flows. A 
few strata of bedded chert are intercalated in these volcanic units. 
They occur only in the fault block lying between Melakwa Lake and Snow 
lO 
Lake. Strata of bedded chert are about 50 to 150 ft (15 to 45 m) thick, 
and extend laterally as much as 2000 ft (610 m). Discontinuous beds 
of limestone, each 10 to 200 ft (3 to 60 m) thick, and, extending 50 to 
3000 ft (15 to 910 m) laterally, are also intercalated in the volcanic 
rock. In the southern Denny Mountain area between 3200 and 3600 feet 
elevation, a karst surface had developed on the uppermost limestone un-
it. This surface was buried by basaltic lava flows that form a mono-
lithic unit 4500 ft (1370 m) thick. 
Lithology 
Undifferentiated tuff. volcanic breccia, and lava flows. Much of 
the Denny Formation is made up of a variety of dacitic, andesitic, and 
basaltic tuffs, breccias, and lava flows. Most of these rocks were ob-
served in talus along the bases of cliffs. Volcanic fragmental rocks 
occur only in the two fault blocks of the Denny Formation northwest and 
southeast of Chair Peak (Pl. 1). Here, bedrock and talus consist of 
dacitic vitric-tuff, crystal-vitric tuff, tuff-breccia, volcanic breccia, 
and several different flow-banded dacitic and andesitic lava flows. 
The fragmental volcanic rocks are black or dark gray, weathering pale 
olive and light gray; andesitic lava flows are grayish olive green, 
weathering grayish green; and dacitic lava flows are dark gray, weather-
ing light gray. Blocks up to 1.5 m in diameter occur in volcanic brec-
cia, but the maximum particle size of fragmental rocks is generally less 
than 6 cm. 
In thin section, dacitic volcanic rock has been altered to micro-
crystalline quartz. Andesitic lavas show complex microfolds, plagio-
clase microlites in a pilotaxitic texture, and have been altered to 
11 
mostly epidote, chlorite, and magnetite. 
Most volcanic rock on Cave Ridge is probably andesite and dacite, 
but extensive alteration has obliterated diagnostic textures. Volke 
(1973) reports that the ridge is composed of a mafic hornfels, includ-
ing metabasalt and intercalated metasediments. 
Chert. Chert occurs in several hundred thin layers, each 1 
to 4 cm thick, totalling about 50 to 150 ft (15 to 45 m) in thickness 
{Fig. ·4). These beds are usually highly deformed into folds of from 
one to ten meters in amplitude. The color ranges from yellowish-gray, 
with or without thin black lines, to black, with or without thin white 
lines, depending on the presence or absence of dusty magnetite in 
microcrystalline quartz. 
In thin section, the chert is composed entirely of microcrystal-
line quartz, and small, but variable, amounts of very fine-grained 
magnetite. The grain size of microcrystalline quartz is larger along 
the thin white lines. 
Because chert is interbedded with highly altered volcanic rock, 
it is difficult in some places to distinguish chert of sedimentary 
origin from flow-banded silicified volcanic rock. 
Limestone. The color of fresh limestone ranges from white to 
mottled or streaked medium gray. On weathered surfaces, it is a dis-
tinctive light to medium blue-gray. In thin section, the limestone 
consists of anhedral calcite about 0.1 to 4.0 mm in size, with scatter-
ed magnetite. 
Figure 4. A boulder of bedded (ribbon) chert of the Denny 
Formation (in talus along the Pacific Crest Trail 1000 ft 
(300 m) west of Source Lake). 
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Chemical analyses of the limestone found on Denny Mountain above 
Keekwulee Falls yield an MgO content of up to 12 percent, but 5 to 6 
percent is most common (Danner, 1966). 
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On the eastern half of Cave Ridge, dissolution within steeply 
dipping limestone beds has produced a karst topography of caves and 
sinkholes. Newton Cave is the second longest limestone cave in Wash-
ington ''with a total slope length of about 500 feet of explored pass-
ages and an estimated depth of about 180 feet" (Halliday, 1963). 
Basalt. Basalt occurs on the southern and western sides of Denny 
Mountain, the west side of Snoqualmie Mountain and Cave Ridge (Pl. 1). 
Most has been contact metamorphosed. The rock is dark greenish gray 
to a dark gray, mottled light gray, and light greenish gray, and 
weathers to a light reddish or brownish gray. In thin section, the 
least altered basalt consists of phenocrysts of broken and bent zoned 
plagioclase 0.5 to 2.0 mm long, composition An50-30 set in pilotaxitic 
microlites of plagioclase. No original ferromagnesian minerals are 
present. Contact metamorphosed basalt consists entirely of biotite, 
magnetite, and microcrystalline quartz. Some hand specimens show ep-
idote, actinolite, quartz, pyrite, plagioclase, and possibly scapolite. 
Thickness 
The maximum exposed thickness of the Denny Formation is about 
7000 ft. (2100 m). This was determined by scaling from cross sections 
drawn parallel to cross section D-D' (Pl. 1) through the south end of 
14 
Denny Mountain. All beds are assumed to dip 70° to the east. 
Age and Correlation 
The Denny Formation was formerly considered a part of the Stilla-
quamish Group (Danner, 1957). More recently, Danner (1966) has 
assigned the group to the Trafton Sequence of middle to late Permian 
age. No fossils have been found in the Denny Formation. 
Origin 
Rocks of the Trafton sequence, of which the Denny Formation is 
probably a part, were deposited in a late Paleozoic to Mesozoic 
eugeosyncline of the Cordilleran geosyncline (Danner, 1966; McKee, 
1972). They form a suite probably typical of an island arc environ-
ment. 
Volcanic rocks are interstratified with bedded chert and 
limestone, now recrystallized to microcrystalline chert and very 
coarse crystalline limestone. A karst topography, buried by basalt-
ic lava flows, is evidence that the rocks of the Denny Formation 
were uplifted and eroded. 
Guye Formation 
Definition 
Sedimentary rocks of the Guye Formation are about 6500 ft (1980 m) 
thick, and consist of laminated carbonaceous mudstone, carbonaceous and 
fossiliferous mud-shale, and sandstone, conglomerate, and breccia. 
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These rocks were originally assigned to the Guye Formation by Smith 
and Calkins {1906), but Foster (1960) has reduced the extent of the 
formation to include only sedimentary rocks overlying the Denny Form-
ation and underlying the Mount Catherine Tuff. 
Distribution 
Outcrops of the Guye Formation occur in a north-northwest trend-
ing belt 1.5 to 2 mi (2.4 to 3.2 km) wide, extending centrally through 
the study area {Pl. 1). Within this belt lies Lodge Lake, Snoqualmie 
Pass, the lower west face of Guye Peak, Alpental Valley, Source Lake, 
and the south and east shores of Snow Lake. 
Stratigraphy and Lithology 
Table II summarizes the lithologic characteristics of the Guye 
Formation. The formation consists mostly of laminated carbonaceous mud-
stone (Fig. 5). Scattered throughout the mudstone are interstratified 
sheet-like bodies of carbonaceous fossiliferous mud-shale, and shoe-
string deposits of chert, sandstone, conglomerate, and breccia (Fig. 6). 
Thickness 
The thickness of the formation is about 6500 ft (1980 m) as deter-
mined by scaling from a cross section drawn along the southern map bound-
ary {Pl. 1). Beds are assumed to be dipping eastward about 40°. South 
of the map area the thickness may increase. 
Fossils, Age, and Correlation 
Leaves and stems occur only within mud-shale. A few fossil 
Type 
Mud stone 
Mud-shale 
Sandstone, 
conglomerate, 
and breccia 
TABLE II 
SEDD1ENTARY ROCK TYPES OF THE GUYE FORMATION 
Physical Dimensions Color Structure Composition and Texture 
Laterally extensive, up Light gray to Alternating Quartz: 30-40%, clear, straight to mild 
to several kilometers; grayish black; light and dark ungulose extinction, angular to subangular 
thicknesses to hundreds weathers to gray lamina- Plagioclase: 20-35%, An30-20• angular to 
of meters light gray, tions, some sub angular 
shades of brown massive, trough Hornblende: less than 1% 
and orange near and tabular Magnetite: less than 1% 
intrusive bodies cross-bedding Chert + rock fragments:' 5-25%, angular to 
in some laminae subrounded 
Matrix: carbon, muscovite, penninite, iron 
oxide, unidentified minerals 
Maximum grain size: about 0.1 DID 
Sorting: poor to moderate 
Sheet-like bodies from a Dark gray to Poorly to Mostly muscovite, clay minerals, and carbon 
few centimeters to sev- black; weathers highly fissile, with occasional laminations of fine sand-sized 
eral meters thick; ir- pale blue, light sometimes quartz, plagioclase, and chert grains, and, 
regular lateral shapes shades of brown flinty unco111DOnly, granules and pebbles of chert. 
tens to hundreds of and orange near Contains molds of fossil leaves and stems 
meters wide intrusive bodies 
Shoestring deposits, Medium gray; Sandstone in- Sandstone composed of angular to subangular 
channel fillings weathers medium tercalated in white and black chert and some quartz grains 
within mudstone; to light gray conglomerate cemented by mud and authigenic silica; poorly 
usually several meters and breccia; sorted. Conglomerate and breccia mostly 
and occasionally tens sandstone angular to rounded chert clasts up to 8 cm 
of meters thick co1111110nly cross- in size set in matrix of poorly sorted chert 
bedded sand 
..... 
°' 
Figure 5. Laminated carbonaceous mudstone of the Guye 
Formation (located in Alpental Valley 1700 ft (520 m) 
S 57°w from the top of Guye Peak). 
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Figure 6. Chert conglomerate of the Guye Formation (located 
2800 ft (855 m) S 9°E from Source Lake ) • 
18 
localities were found (Pl. 1) but no collections or identifications 
were made during this study. 
Two collections of leaf fossils have been made from the Guye 
Formation: one by Smith and Calkins (1906) and the other by Foster 
(1960). The first collection was studied by F. H. Knowlton, who re-
ported in Smith and Calkins the presence of the following fossils: 
Platanus dissecta Lesq. 
Acer aeguidentatum Lesq. 
Ficus n. sp. 
Ficus artocarpoides Lesq. 
Cinnamomum n. sp. 
Knowlton designated the first two species as unquestionably Miocene. 
Smith and Calkins commented, " ••• the stratigraphic relations to the 
19 
overlying rocks, added to the lithologic resemblance of the Guye Form-
ation ••• to the Eocene formations, would have led to its reference to 
the Eocene were it not for the paleobotanic evidence just cited." 
R. W. Brown (in Warren, 1941) restudied the original Knowlton collect-
ion, and cast doubt on the identification by Knowlton of Platanus dis-
secta Lesq. and Ficus. 
The second collection was made by Foster (1960) "from the south-
western bank of Coal Creek, a few hundred feet below the mouth of Hyak 
Creek" about 2000 ft (600 m) south of this study area {Pl. 1). R. W. 
Brown (in Foster, 1960) studied this collection, and connnented: ''This 
is an Eocene assemblage, and probably from the later half of the Eocene. 
Most of the specimens in the collection represent the one species of 
Ocotea." The following checklist, taken from Foster, with ranges taken 
froin LaMotte (1952) sunnnarizes all leaf fossils identified by Brown: 
20 
Paleocene Eocene Oligocene 
Atlantodioesis erosa (Les-
quereux) Knowlton • • • • • • • x x 
Aselenium magnum Knowlton. • • • • x 
Cinnamomum dilleri Knowlton. • • • x 
Ficus artocareoides Lesque-
reux • • • • • • • • • • • • • • x x 
Gl~etostrobus dakotensis 
Brown • • • • • • • • • • • • • • x x 
Ocotea eocernua Chaney 
and Sanborn • • • • • • • • • • • x x 
From this list, the Guye Formation appears to be Paleocene or 
Eocene in age. Foster, more recently, (1967) has indicated that the 
overlying Naches is early to middle Eocene, thus supporting a Paleo-
cene or Eocene age. 
Rock of the Guye Formation may correlate with that of the Tiger 
Mountain Formation, and/or Ohanapecosh Formation based on (1) age, 
and (2) possible correlation of Mount Catherine Tuff ·with the Stevens 
Ridge Formation which overlies the Ohanapecosh Formation (Hannnond, 
1963). 
Origin 
The presence of leaf fossils, carbonaceous mud-shale, and prim-
ary bedding structures in carbonaceous mudstone suggests a deposit-
ional environment of meandering rivers, flood plains, freshwater 
swamps with lush vegetation, and shallow lakes with considerable plant 
life. Meandering rivers, with sources in hills or mountains perhaps 
only a few kilometers away deposited sand and gravel, while thin lay-
ers of mud may have been deposited by floodwaters over large areas. 
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Mount Catherine Tuff 
Definition 
Tii.e Mount Catherine Tuff consists of interstratified ash-flow 
deposits of crystal and lithic"'"Vitric welded tuff up to 900 ft (274 m) 
' 
thick. It conformably overlies the Guye Formation in the Snoqualmie 
Pass area, but Foster (1960) and Hammond (1963) report that elsewhere 
the relationship is unconformable. Tii.e strata were first described 
as a unit in the Guye Formation. It was subsequently designated the 
Mount Catherine Rhyolite by Foster (1960). Because the formation con-
sists principally of rhyolitic to dacitic tuff, Hammond (1963) has 
recommended that the unit be renamed the Mount Catherine Tuff, the 
name adopted for this study. The name. is taken from Mount Catherine, 
3.5 mi (5.6 km) south of Snoqualmie Pass. 
Distribution 
Tii.e Mount Catherine Tuff crops out in four narrow north-trending 
belts (Pl. 1): (1) from Guye Peak south-southeastward beyond the 
study area, (2) from Franklin Falls southward beyond the study area, 
(3) between Source and Snow Lakes, and (4) between Source Lake and 
Tii.e Tooth. 
Lithology and Stratigraphy 
Tii.e Mount Catherine Tuff is a devitrified, highly siliceous eutax-
itic crystal and lithic"'"Vitric welded tuff of rhyolitic and dacitic 
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composition (Fig. 7). Its color varies from very light to very dark 
gray, with faint shades of purple, yellow, and brown in different ar-
eas. 'Ille rock weathers to light gray, dark yellowish orange, and mod-
erate brown. 
Before devitrification and alteration, the tuff contained 3 to 25 
percent lithic fragments, 50 to 95 percent glass particles, and pheno-
crysts of beta quartz, plagioclase, sanidine (?), and hornblende. Clear 
doubly-terminated beta quartz crystals are the most common phenocryst. 
Euhedral and broken euhedral prisms of plagioclase and sanidine (?) are 
less common. Surfaces are pitted where feldspar has weathered out. Eu-
hedral hornblende pseudomorphs filled with peilllinite occur only in rock 
at the top of Guye Peak. 
'Ille Mount Catherine Tuff is completely devitrified, and textures are 
obscure. Vague outlines of angular lithic and collapsed pumice fragments 
are visible. Composition is 70 to 95 percent microcrystalline quartz, 
O to 25 percent beta quartz phenocrysts, and 0 to 3 percent altered plag-
ioclase, composition AnJo-20, sanidine (?), and hornblende pseudomorphs. 
Lithic fragments range in size from 1 to 6 mm and average 3 mm. Pheno-
crysts range in size from 0.5 to 3 mm and average l mm. Plagioclase and 
sanidine (?) have altered mostly to sericite, albite, and calcite. Horn-
blende has altered to chlorite and magnetite. The rock is commonly stain-
ed dark yellowish-brown by iron oxide. 
The eutaxitic texture is caused by the presence of abundant, short, 
usually less than 1 cm, thin, dark or light slightly curved lines of 
small, compacted pumice fragments. West and southwest of Source Lake, 
Figure 7. Silicified dacitic eutaxitic crystal-vitric 
welded tuff of the Mount Catherine Tuff (located 4800 ft 
(1460 m) S 60°E from Snoqualmie Pass). Photo is actual 
size. 
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compacted pumice fragments form lines and lenses up to 4 nm thick and 
several centimeters long. 
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The only continuously exposed section of Mount Catherine Tuff in 
the study area (Pl. 1), occurs about 800 ft (244 m) northeast of Source 
Lake. Here, the formation is 750 ft (229 m) thick, and consists of a 
dark gray, highly-indurated siliceous eutaxitic lithic-vitric tuff 
grading upsectiori into a crystal-vitric tuff. Weathered surfaces are 
light gray. Lithic fragments throughout the section are angular, up 
to 5 cm in size, and mostly black, but some are light gray. Promin-
.enJ: alteration rims encircle some lithic fragments. Three vertical 
zones are recognized in the section at Source Lake based on the per-
centage of beta quartz phenocrysts: a lower zone, 0 to 150 ft ( 0 to 
46 m), 0 percent; a middle zone, 150 to 325 ft (46 to 99 m), 5 percent; 
and an upper zone 325 to 750 ft (99 to 229 m), 3 percent. 
Age and Correlation 
The age of the Mount Catherine Tuff is probably Eocene or early 
Oligocene, based on its stratigraphic position. The age of the under-
lying Guye Formation is Paleocene or Eocene, and the overlying Naches 
Formation may be Eocene to lower Oligocene. 
Wolfe (1961) has determined a latest Eocene to early Oligocene 
age for strata containing leaf fossils in the suggested Enumclaw Form-
ation which correlates with the Naches Formation (Hammond, 1963). 
More recently, Wolfe (1968) placed the strata in early Oligocene. It 
is likely that the Mount Catherine Tuff underlies these leaf fossil 
localities in an unexposed section along the Green River. Hammond 
(1963) tentatively correlates the Mount Catherine Tuff with the 
Stevens Ridge Formation in Mount Rainier National Park (Fiske and 
others, 1963). The Stevens Ridge Formation has a K-Ar radiometric 
age of 34.0 t 1.2 m.y. on hornblende and 23.3 ± 0.9 m.y. on biotite 
(Fischer, 1971). The first date is considered the approximate age of 
deposition, early Oligocene, and the second is the age of nearby in-
trusive activity or deformation. 
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Hammond (1963) has suggested correlation of the Mount Catherine 
Tuff with other rock units in the central Cascade Range of Washington. 
Among these are (1) 1400 ft of dacite pumice crystal-vitric tuff along 
the north slope of Mount Washington, (2) rock, as float, of similar 
lithology, along the Green River, presumably between the Tukwila and 
Enumclaw Formations, (3) the Stevens Ridge Formation, a rhyodacite 
crystal-vitric tuff in Mount Rainer National Park (Fiske and others, 
1963), and (4) a crystal-vitric tuff more than 1000 ft (300 m) thick 
west of Quartz Mountain, between the Yakima and Naches Rivers (Stout, 
1964). 
Origin 
The Mount Catherine Tuff was deposited from one or more ash flows 
that swept across wet mud and silt of the Guye Formation. The ash-flow 
deposits may have cqvered an area of several hundred square miles, and 
were hot enough to produce welded zones up to several hundred feet 
thick. 
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Naches Formation 
Pefinition 
Strata, representing the lower 6000 ft (1830 m) of the Naches 
Formation exposed in the .map area {Pl. 1), consists of sedimentary 
quartzofeldspathic sandstone, siltstone, and fossiliferous mud-shale, 
with interstratified rhyolitic, dacitic, and andesitic tuff, volcanic 
breccia, and lava. The formation conformably overlies the Mount 
Catherine Tuff. A downfaulted upper part of the formation, located 
west of Snoqualmie Pass, consists of glomeroporphyritic basalt lava 
flows. 
Smith and Calkins (1906) named the Naches Formation "for the 
river in whose basin it is most extensively developed", but did not 
extend the formation to include rocks in the study area (Pl. 1). 
Foster (1960) extended the formation to Snoqualmie Pass by reassign-
ing the strata of Smith and Calkins' Guye Fonna.tion to the Naches 
Formation. 
Distribution 
Rocks of the Naches Formation underlie the eastern quarter of the 
study area (Pl. 1) beginning about one-half mile east of Snoqualmie 
Pass. The drainage basins of Commonwealth and upper Coal Creeks are 
underlain by these rocks. Naches volcanic rock crops out in three 
areas: (1) along a northwest-facing valley wall across from Common-
wealth Creek from Guye Peak, (2) the top of Red Mountain, and (3) north 
and east of upper Kendall Lake. Southwest of Snoqualmie Pass, hornfelsed 
glomeroporphyritic basalt lava flows form a narrow, north-trending 
belt from Lodge Creek along Interstate 90 to Franklin Falls on the 
South Fork of the Snoqualmie River. 
Stratigraphy 
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A generalized columnar section of the Naches Formation is shown 
in Fig. 8. The section, 6000 ft (1830 m) thick, consists of mostly 
sedimentary strata. Volcanic rock dominates from the interval from 
800 to 1400 ft (244 to 544 m) and from 4700 ft to 5700 ft (1430 to 
1740 m). The glomeroporphyritic basaltic lava flows occur higher in 
the section than' .that shown in the columnar section (Fig. 8) (Haumond, 
1963). 
Lithology 
Sedimentary rock. Most sedimentary strata consists of siltstone 
and fine-grained sandstone, with abundant quartz, plagioclase, crystals, 
and glass, and rock fragments. The remainder is medium and coarse-
grained sandstone of similar composition to the fine-grained sandstone, 
and fossiliferous mud-shale similar to mud-shale of the Guye Formation. 
Color becomes darker with decreasing grain size due to an increasing 
amount of carbon and iron oxide: sandstone, light to medium gray; 
siltstone, medium to dark gray; and mud-shale, dark gray to black. 
Weathered surfaces grade from light gray to shades of brown and or-
ange with decreasing grain size. 
In thin sections, siltstone and sandstone are composed of 40 to 
55 percent quartz, 25 to 40 percent plagioclase, and 10 to 20 percent 
rock particles. A matrix composes up to 15 percent of the total. 
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Fi~ure 8. Generalized columnar section of the Naches Formation 
compiled from discontinuous outcrops along section line D-D' of 
Plate 1. The Naches Formation top lies east of the study area. 
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Rock fragments include white and black chert, basalt, microgranite, 
and tuff • . Quartz shows straight or undulatory extinction. Some grains 
show both. In a few quartz crystals showing straight extinction, app-
ear mineral intrusions with very high birefringence. Plagioclase, 
I 
An30-s, has been partly altered to sericite and albite. The matrix 
is a very fine-grained mixture of chlorite, clay, iron oxide, quartz, 
plagioclase, muscovite, and biotite. Most minerals are derived from 
devitrified and altered volcanic ash. Detrital mineral grains and 
rock fragments are angular to subangular. Grains of coarse sand and 
pebbles are subrounded to round. Sorting is medium to poor. 
These strata contain a variety of sedimentary structures: lentic-
ular cross-bedding in siltstone and sandstone, graded bedding in sand-
stone, and thinly-bedded or laminated siltstone and sandstone. Flame 
structures occur between alternating beds of siltstone and sandstone 
at the northeast end of upper Kendall Lake, and small, symmetrical 
ripple marks occur 900 ft (275 m) downstream from lower Kendall Lake. 
Sand load casts up to 10 cm across occur in black fossiliferous mud-
shale along a ridge 2500 ft (760 m) northwest of upper Kendall Lake. 
Volcanic Rock. Volcanic rock consists of dacitic and rhyolitic tu££, 
andesitic lava, and a small amount of volcanic breccia. The rocks are 
colored shades of gray, grayish blue, and brown; weathered surfaces are 
orange to brown. Alteration and devitrification, contact metamorphism, 
and weathering have destroyed most of the original minerals, and oblit-
erated the textures of these rocks. Silicic rocks have been altered to 
fine•grained quartz and biotite. Mafic volcanic rocks have been thermally 
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metamorphosed to a plagioclase-magnetite-quartz-biotite hornfels. 
The tuff conta!~s phenocrysts of plagioclase, beta quartz, 
probable sanidine. Plagioclase has been mostly altered and replaced 
by albite, sericite, and quartz. Lithic fragments occur in most 
tuffs and may be cognate. A few are black shale or chert and basalt 
or andesite. Ash-flow deposits with collapsed pumice fragments make 
up one-third of the tuff units. The small amount of observed volcan-
ic breccia contains angular silicified volcanic fragments less than 
7 cm in size. 
Andesitic lava at the top of Red Mountain can be identified only 
in thin section. The lava is porphyritic with asterated phenocrysts 
of plagioclase (An35 _20) 4 mm or less in length. The ground mass has 
a fluidal texture, and contains pleochroic blue green hornblende and 
calcic oligoclase 0.4 mm or less in length. Hornblende is commonly 
altered to chlorite, biotite, magnetite, and radiating needles of act-
inolite. Andesitic lava not located on Red Mountain has altered 
almost completely to plagioclase, quartz, biotite, and finely-divided 
magnetite. Calcite veinlets locally pervade these rocks. 
Basalt. Some of the basaltic lava flows southwest of Snoqualmie 
Pass (Pl. 1) contain distinctive, large, tabular plagioclase pheno-
crysts up to 3 cm in length and averaging 1 to 1.5 cm. Frequently, 
these large phenocrysts are subparallel or in clusters, and occur 
in aligned bands separated by many tens of feet of non-porphyritic 
basalt. The rock also contains distinctive dark grayish green 
oval amygdules 1 to 4 mm in diameter. 
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Separate flows are not discernible. The rock is broken into 
large blocks up to 20 ft (6 m) along closed joints of several in-
tersecting joint systems. 
The basalt is greatly altered. All original mafic minerals have 
been altered to penninite, other chlorites, needles and radiating clus-
ters of actinolite, biotite, magnetite, and quartz. Amygdules and vein-
lets are rimmed and bordered by biotite, while the interiors are filled 
with microcrystalline quartz, radiating clusters of moderate-green act-
inolite, penninite, and biotite. Plagioclase microlites have been al-
most completely replaced by quartz, some sericite, and dispersed alter-
ation products of the mafic minerals. The plagioclase microlites 
(An20) form a fluidal texture. Plagioclase phenocrysts show only 
slight zoning, and have a similar composition. They have been alter-
ed and replaced by oligoclase, sericite, kaolinite (?), quartz, needles 
of actinolite, and biotite. The glomeroporphyritic basalt of Rampart 
Ridge, 3 t (4.8 km) east of Snoqualmie Pass (Fig. 1), may be the same 
rock . (Ha ond, 1963). Plagioclase in tqis basalt has an anorthite 
content of about 60 percent for phenocrysts, and 50 percent for micro-
lites (Foster, 1967). A conunon mechanism, probably thermal metamorph-
ism, has caused partial albitization of the Naches basaltic lavas south-
west of Snoqualmie Pass. 
Thickness 
The thickness of that part of the Naches Formation exposed in the 
study area (Pl. 1) is 6000 ft (1830 m) and was determined by scaling 
from cross section D . - D1· • 
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Fossils, Age, and Correlation 
The age of the ·-Naches · Formation ·probably "extends ·- from ·the ,-E·ocene •·•11• 
through early Oligocene, based on the age of enclosed leaf fossils. 
Foster (1967) gives evidence that the Naches is Eocene. Leaf fossils 
found along Gale and Box Creeks (Fig. 1) about 8 mi (13 km) southeast 
of the Kendall Peak Lakes were studied by J. A. Wolfe, who reported (in. 
Foster, 1967): " ••• contains Hemitelia pinnata MacG. and a new genus 
and species of Sapindaceae. The latter species is abundant in and re-
stricted to zones 1-3 of the Puget Group; !!.· pinnata occurs from the 
Paleocene through zone 4 of the Puget Group", and " ••• is characterist-
ic of the lower and middle Puget in the Green River section." The Pug-
et Group is thought to be mostly Eocene (Wolfe, 1961). Reporting in 
Smith and Calkins (1906), Knowlton suggested that leaves collected 
along Gale Creek appeared "to find their greatest affinity with material 
from the west side of the Cascades at Carbonado and vicinity." Foster 
(1960) gives stratigraphic and lithologic evidence that rocks of the 
Naches Formation can be correlated with those of the Puget Group at Car-
bonado, Washington. 
Leaf fossils collected by Stout (1964) a few miles south of the town 
of Cle Elum, Washington (Fig. 1), and studied by R. W. Chaney are "an 
early Tertiary age which cannot now be accurately pinpointed between the 
base of the Paleocene and the top of the Eocene". Other fossils ident-
ified by Marie B. Pabst (!!!, Stout, 1964) "are definitely Eocene, and are 
not restricted to upper Eocene, but are lower Eocene as well; they are not 
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Paleocene." Some of these leaves "are common Oligocene floras, but 
it is not known how far they extend into the Oligocene of Washington. 11 
Stout concluded (1964): "On the basis of paleobotanical data, at 
least part of the Naches Formation is Eocene; it may extend into the 
Oligocene as well." 
Rocks of the Naches Formation may be equivalent to those of the 
Puget Group (Foster, 1960, 1967). The stratigraphic relationships be-
tween the Naches, Swauk, Teanaway Basalt, and Roslyn Formations are _ 
not clear (Stout, 1964). 
Origin 
The sand, silt, and mud that later became the sedimentary rocks 
of the Naches Formation were deposited from water in a low energy en-
vironment. Evidence for deposition by water is graded bedding found 
in sandstone, cross bedding found in siltstone and sandstone, thinly-
bedded and laminated siltstone and sandstone, flame structures develop-
ed in overpressured beds of silt and sand, and sand load casts preserved 
in mud-shale. Deposition of poorly sorted sand and silt may have occur-
red in floodplains. Vegetation thrived in fresh water swamps where 
mud and plant remains accumulated. These sediments later yielded 
black mud-shale containing leaf fossils. Lava flows, ash-flow deposits 
and volcanic debris from intermittent volcanic activity frequently 
buried floodplains a~d swamps. Many times, volcanic piles dotted or 
covered an extensive and otherwise nearly flat region. These piles 
or their eroded remnants were buried by sand, silt, and mud when vol-
canic activity declined or ceased. 
Denny Mountain Formation 
Definition 
The Denny Mountain Formation, informally named in this study, 
consists of dacitic, and andesitic tuff, lapilli-tuff, and volcanic 
breccia with interstratified andesitic lava. It forms a strati-
graphic unit 1800 ft (550 m) thick, overlying the Guye Formation with 
an angular unconformity. The upper part of the formation has been 
eroded away. Although the formation is not in depositional contact 
with the older Mount Catherine Tuff and Naches Formation, the Denny 
Mountain Formation is also considered to overlie unconformably th~se 
formations. The Denny Mountain Formation is the youngest stratified 
bedrock unit exposed in the map area (Pl. 1). 
Rock of the Denny Mountain Formation was originally designated 
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as ~ part of the Keechelus Andesitic Series by Smith and Calkins (1906) 
and was retained in the Keechelus by Foster (1960). Confusion over 
the series led Waters (1961) to suggest that the name, Keechelus And-
esitic Series, be dropped. Hammond (1963) subsequently defined the 
Tertiary volcanic stratigraphy of central Washington, but did not in-
clude rock defined here as the Denny Mountain Formation. 
Distribution 
The rugged northwest-trending crest and high flanks of Denny 
Mountain, The Tooth, and Bryant Peak are composed of rock of the Denny 
Mountain Formation, The rock also extends along a narrow north-trending 
strip from The Tooth to Source Lake. A small roof pendant, composed of 
this rock rests on quartz monzonite and is located 2000 ft (610 m) 
northwest of the point where Commonwealth Creek enters the South Fork 
of the Snoqualmie River. 
Stratigraphy 
The Denny Mountain Formation consists of a large number of vol-
canic rock units complexly interstratified. No single unit extends 
throughout the exposed area of the Denny Mountain Formation. 
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A stratigraphic section of the formation was measured at Denny 
Mountain (Pl. 1, Appendix) and portrayed in a columnar section (Fig.9). 
Here, interstratified dacitic tuff, lapilli-tuff, and volcanic brec-
cia compose the lower 900 ft (274 m) and u.pper 450 ft (137 m) of the 
section. The interval from 900 to 1350 ft (274 to 411 m) consists of 
interstratified andesitic lava flows in laminated to thick-bedded 
dacitic and andesitic tuff, tuff-breccia, and volcanic breccia. 
Elsewhere, the formation consists of tuff and tuff-breccia. 
Lithology 
The Denny Mountain Formation consists of dacitic and andesitic 
fragmental volcanic rock (93 percent) with interstratified andesitic 
lava flows (7 percent) (Fig. 9). About 90 percent of the fragmental 
rock is tuff and lapilli-tuff (Fig. 10); the remainder consists most-
ly of volcanic breccia and tuff-breccia. 
The color of dacitic and rhyodacitic rock is dark gray, olive gray, 
and grayish purple, weathering light gray, pale olive, and grayish purp-
le. All rocks weather light gray. Tuff and lapilli-tuff were glass-rich 
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Figure 10. Silicified dacitic pumiceous lapilli-tuff of 
the Denny Mountain Formation (located in talus 1900 ft 
(580 m) S 16°W from Source Lake). Modal analysis: blocks, 
17 percent; lapilli, 40 percent; ash, 43 percent. 
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before alteration and devitrification, and contained small amounts of 
lithic fragments and crystals. Few original textures, minerals, and 
glass fragments have survived silicification and contact metamorphism. 
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In outcrop, color differences, caused by weathering, highlight the out-
lines of lithic fragments. In thin section these rocks are composed 
almost entirely of microcrystalline quartz. Some units contain broken 
and unbroken euhedral phenocrysts of plagioclase and beta quartz. Cryst-
als range in size from 0.5 to 3.0 mm. Plagioclase phenocrysts (An30 _25) 
have been partially replaced by sericite and microcrystalline quart:z. 
A few tuff units display a eutaxitic texture on weathered sur-
faces. The elongated lenses of compacted pumice are 6 to 25 mm long 
and wide, and 0.5 to 3.0 nun thick. They are deformed uniformly around 
lithic fragments, indicating that the hot ash-flow deposits did not 
flow plastically after compaction of the pumice fragments (Schmincke and 
Swanson, 1967). 
Contact metamorphism has converted mafic phenocrysts to clusters 
of biotite and magnetite surrounding chlorite and actinolite (2Va = 90°). 
Volcanic breccia and tuff-breccia consist of angular fragments up 
to 1 m in diameter. The average fragment size in most units, however, 
ranges from 3 to 15 cm. In thin section, these rocks, like the tuffs, 
consist mostly of microcrystalline quartz and variable amounts of seri-
cite, biotite, magnetite, chlorite, and hematite. Many clasts are com-
posed of andesitic and basaltic lava with altered plagioclase laths in 
a pilotaxitic texture. Other clasts, presumably of crystal-vitric tuff, 
are composed of microcrystallin~ quartz and sericite. Sericite crystals 
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show parallel optical alignment, reflecting an orientation inherited 
from pilotaxitic paths of p.lagioclase. 
Lava flows of andesite contain 3 to 10 percent phenocrysts of 
zoned plagioclase (An55-20), and altered hornblende in a pilotaxit-
I 
ic groundmass of plagioclase (An35 _20 ) microlites. Hornblende has 
altered to chlorite, actinolite, and magnetite. 
Thickness 
The measured thickness of the Denny Mountain Formation is 1800 
ft (550 m). 
Age and Correlation 
The age of the Denny Mountain Formation is Eocene or Oligocene 
to middle Miocene. They were deposited unconformably on the Guye 
Formation, and presumably unconformably upon the Mount Catherine Tuff 
and Naches Formation. They were later intruded by rock of the Sno-
qualmie batholith of middle Miocene age. 
No volcanic rock units are known to correlate with the Denny Mount-
ain Formation. 
Origin 
The rocks of the Denny Mountain Formation form a sequence of 
varied subaerial volcanic deposits derived from yet-undetermined 
volcanic sources. They were deposited on a surface of low, rolling 
hills developed in the deformed Guye, Mount Catherine Tuff,and Naches 
Formations. Eruptions produced deposits dominated by hot andesitic and 
dacitic pyroclastic flows, and andesitic and basaltic lava flows and 
cinder cones. Mud flow and undifferentiated volcaniclastic deposits 
suggest that nearby composite cones were the source. 
Snoqualmie Batholith 
Definition 
The Snoqualmie batholith was first described by Smith and Men-
denha 11 (1900). The major intrusive rock was named Snoqualmie grano-
diorite by Smith and Calkins (1906) after the Snoqualmie River, whose 
headwaters are within the batholith. In the Snoqualmie Pass area, 
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a part of the batholith has been mapped at small scales and describ-
ed by Smith and Calkins (1906) and Foster . (1960). A petrologic study 
of the batholith was conducted by Erikson (1969). 
Smith, Mendenhall, and Calkins noted that the batholith consists 
of several rock types. Erikson (1969) describes eight intrusive 
phases which were emplaced in a ma.fie to silicic sequence. The 
270 mi2 (700 km2) area occupied by the composite batholith is com-
posed of about 80 percent granodiorite, 12 percent quartz monzonite 
and alaskite, and 8 percent diorite and gabbro. 
In the Snoqualmie Pass area, two intrusive phases are present: 
the Snoqualmie granodiorite, and the younger quartz monzonite porphyry 
of . the Preacher Mountain stock. 
Distribution 
The Snoqualmie granodiorite underlies the area west of Denny 
Creek; it forms Granite Mountain, Low Mountain, and Hemlock Pass, 
(Pl. 1). It also underlies Chair Peak and a small area inunediately 
east of Red Mountain. 
Preacher Mountain quartz monzonite porphyry forms a broad dike 
extending from Keekwulee Fall across the southern flank of Denny 
Mountain and Alpental Valley to Snoqualmie Mountain. It also under-
lies an area north of Snow Lake. A small plug crops out along the 
Pacific Crest Trail, a balf mile east of Source Lake • . · 
Petrology 
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Snoqualmie granodiorite. Snoqualmie granodiorite is holocrystal-
line, hypidiomorphic, equigranular, and medium to fine grained. The 
color is pinkish gray, but weathers to light brownish gray and dark 
gray. The mineral composition of the granodiorite is shown in Table 
III. 
Plagioclase crystals are euhedral, almost clear, and up to 1 cm 
in length. Oscillatory zoning is superimposed on normal zoning with 
labradorite cores and sodic andesine rims. Orthoclase is a nhedral, 
clouded, and gives a slight pink color to the rock. Quartz is anhed-
ral, and up to 5 mm in size. Biotite is golden brown, up to 3 mm in 
size, and commonly euhedral. Percentage of biotite near boundaries 
with quartz monzonite porphyry increases as does quartz. Hornblende 
is subhedral, occurs commonly in clusters, and is concentrated with 
biotite and pyrite along incipient fractures. It has been altered 
to chlorite and biotite near boundaries with quartz monzonite por-
phyry. 
Locally, aggregates of chlorite and epidote fill miarolitic 
cavities. Near contacts, granodiorite becomes porphyritic with 
phenocrysts of quartz and/or plagioclase. 
Quartz 
Orthoclase 
Plagioclase 
Augite 
Hornblende 
Biotite 
Accessories 
Plagioc lase 
zoning 
% orthoclase 
to total 
feldspar 
% phenocrysts 
TABLE III 
MODES OF THE SNOQUAIMIE GRANODIORITE AND TIIE PREACHER MOUNTAIN 
QUARTZ MONZONITE PORPHYRY 
Snoqualmie Granodiorite 
Preacher Mountain Quartz 
Monzonite Po~phyry 
This study Average of 3 modes Range This Study Preacher Mountain Stoc~ 
(n=l; TS1, (Erikson, 1969) (n=l; TS5, (Erikson, 1969) 
k Pl. 1) Pl. 1) 
17 25 20-32 27 29-39 
7 10 tr-15 27 16-37 
55 48 39-57 43 29-45 
- tr tr 
12 9 3-15 l tr 
7 8 4-12 2 tr-4 
2 tr tr-2 tr . tr 
An 59-30 An 55-25 An 92-18 I An 28-18 An 35-15 
11 17 4-28 I 39 27-53 - - - 11 1 
~ 
N 
Preacher Mountain quartz monzonite porphyry, Tile Preacher 
Mountain quartz monzonite porphyry is holocrystalline, hypidio-
morphic-granular, fine-grained and aphanitic, porphyritic, and with 
myrmekitic and micrographic intergrowths. Tile color is medium 
gray to white, and weathers to light shades of orange and brown. 
Phenocrysts are beta quartz (Erikson, 1969) usually 0.5 to 1.0 
cm in length. Tile mineral assemblage is given in Table III. 
All plagioclase is cloudy; some has been so thoroughly alter-
ed that twinning and cleavage are obscured. Patches within large 
plagioclase crystals (5 mm) have been absorbed, then replaced 
with additional plagioclase and/or quartz during deuteric alter-
ation. An aphanitic groundmass forms 25 to 75 percent of the 
rock, and mafic minerals make up less than 5 percent. Most maf-
ic minerals occur in fine-grained, grayish green clusters contain-
ing biotite, hornblende, chlorite, actinolite, and tourmaline. 
Contacts 
43 
Intrusive contacts with country rock are sharp except near Mel-
akwa Lake. Inclusions of detached country rock are common up to 10 
ft (3 m) from the contact. Many rock fragments remain in structural 
continuity with that of the host rock. Slight rounding and progress-
ive alteration of inclusions within the intrusion increase with dis-
tance from the contact'. Flat, planar apophyses 3 cm or more wide 
project a few feet into the host rock, separating it along joints and 
bedding planes. 
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Country rock along intrusive contacts shows no evidence of major 
shearing:; , and .,br.ecciation , except near.-Melakwa .Lake . but displays ~a .., o . 
great increase in the number of joints. Spacing between these joints 
decreases to a few centimeters, and the number of joint set increases 
to as many as 7, and most joints are open. No apparent movement has 
occurred along joint planes. 
The west side of Melakwa Lake is bounded by a shear zone about 
200 ft (60m) wide, trending about N25°w (Pl. 1). The attitude of 
prominent shear planes is N25°W 70°NE. The zone extends more than 
0.6 miles (1 km) to the north, and less than 0.3 mi (0.5 km) to the 
south of Melakwa Lake. Granodiorite and hornfels are streaked to-
gether in lenses several centimeters long. The hornfels contains 
euhedral brown-red garnets up to 1.5 cm in diameter. In thin sect-
ion, the hornfelsic rock consists of garnet porphyroblasts, biotite, 
quartz, plagioclase, magnetite, and chlorite. Plagioclase (An25) 
forms a granular mosaic of clots, each 3 to 10 mm in diameter. Each 
mass contains optically-continuous plagioclase. These masses are cut 
by biotite stringers parallel to shear planes. 
Mode and Level of Emplacement 
Sharp, intrusive contacts with and extensive deformation of the 
country rock indicate that the intrusive rocks were forcefully emplaced 
by uplift and lateral 'dilation of the country rocks (Erikson, 1969). 
The level of emplacement corresponds to the epizone (Buddington, 1959). 
Erikson has shown that normative plots of aplitic alaskites in the 
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Ab-Or-Q-H20 system (after Tuttle and Bowen, 1958, and Luth and others, 
1964) "fall near the cotectic valley of the granite system correspond-
ing to maximum water pressures between 1 and 2 kb," suggesting "that 
the aplite magma was generated at depths between 4 and 7 km. The ab-
sence of muscovite, the textural characteristics implying pressure 
quenching, the subhorizontal attitude of aplite bodies, and a con-
sideration of the depth of overburden imply emplacement and crystal-
lization of aplite magma at depths between 2 and 5 km." 
Most, or all, country rock north of the Alpental fault could well 
be underlain by the batholith. The area north of the Alpental fault 
is entirely surrounded by intrusive rock, is punctuated by aplite 
dikes, has been intruded by a small plug east of Source Lake, and 
has been considerably deformed during emplacement of two phases of the 
batholith. 
Smith and Calkins (1906) and Fuller (1925) thought that the Sno-
qualmie batholith broke through its roof to produce great volumes of 
andesitic rock. Erikson (1969) shows that the chemistry of the parent 
magma of the Snoqualmie batholith is very similar to Cascade volcanic 
rocks, and suggests that this batholith and other Cascade batholiths 
were connected to the surface. Erikson, however, found no transition 
from plutonic to volcanic rocks within the batholith. In the Snoqualmie 
Pass area, all volcanic rock units have been intruded by magma of the 
batholith and, therefore, they are unlikely to have originated from 
eruptions of the magma. Rocks of the Keechelus Andesitic Series 
(Smith and Calkins, 1906) once believed to be roughly contemporaneous 
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with emplacement (Fuller, 1925) are much older (Hammond, 1963). 
The K-Ar radiogenic age of the Snoqualmie granodiorite determined 
from biotite is 18 m.y. (Baadsgaard and others, 1961) and 17 m.y. 
(Curtis and others, 1961). An apatite fission track date for the Sno-
qualmie granodiorite yielded an age of 15.5 ± 1.5 m.y. (Erikson, 1969). 
Origin 
Erikson (1969) discussed the petrogenesis of the Snoqualmie bath-
olith. Chemical trends of the progressively silicic phases of the 
batholith are typical of a calc-alkaline suite. Erikson believes that 
fractional crystallization is the principal mechanism generating the 
intrusive sequence. As evidence, he cites strong zoning in plagio-
clase, sequentital ma.fie mineral associations (from olivine-augite-
hypersthene to augite-hornblende to hornblende-biotite), and chemical 
trends. The parent magma, Erikson speculates, may have resulted from 
the hybridization of mantle-derived basaltic magmas with crustal-der-
ived anatectic andesitic magmas. 
Metamorphism, Metasomatism, Mineralization, and Economic Geology 
Rocks within about 1000 ft (300 m) of the Snoqualmie granodiorite 
and Preacher Mountain quartz monzonite porphyry have been contact meta-
morphosed. Within about 100 ft (30 m) of the contact, the grade of 
metamorphism reached the hornblende hornfels facies. Metamorphic min-
erals in sedimentary rocks are granoblastic quartz and biotite with 
smaller amounts of sericite, magnetite, and chlorite. Metamorphism 
is more extensive in volcanic rocks which contain the metamorphic 
minerals quartz, biotite, chlorite, tremolite, actinolite, epidote, 
and magnetite in varying amounts and proportions depending upon the 
original amount of ferromagnesian minerals. The amount of metamor-
phic minerals increases toward the intrusive contact, particularly 
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in the volcanic rocks, and, in basalt, small porphyroblasts of hornblende 
appear. Original textures of mafic rocks within a few hundred feet of 
an intrusive contact are obliterated by granoblastic mosaics of quartz 
and biotite. 
Deposits of skarn have developed in limestone near intrusive 
contacts with the Denny Formation. They occur on Cave Ridge, and 
on Denny Mountain 1100 ft (335 m) S80°E of Keekwulee Falls. Small-
er deposits occur along the South Fork of the Snoqualmie River near 
the confluence with Lodge Creek, and on the southeast flank of Chair 
Peak (Livingston, 1971). Quartz, actinolite, andradite, magnetite, 
and calcite compose most of the skarn deposits of Cave Ridge and Denny 
Mountain. Small amounts of tremolite, chlorite, epidote, biotite, chal-
copyrite, bornite, galena, sphalerite, and pyrite are also present. 
The four skarn areas mentioned above were once staked as mining 
claims, and a minor amount of assessment and development work was 
done on each deposit. Arthur A. Denny, in 1869, was the first to dis-
cover mineralization in the Snoqualmie Pass area (Hodge, 1897; Living-
ston, 1971). From information obtained from Indians, he located the 
skarn area on the mountain that now bears his name. The magnetite he 
found was "pronounced the best quality Bessemer ore" (Hodge, 1897). 
F. M. Guye, in 1881, discovered the skarn area on Cave Ridge ~orth­
northwest of the peak that bears his name (the Guye claims are now 
called the Mammoth group). Cabins were built, and assessment work 
done on the deposits of magnetite. A dip needle survey by Pariseau 
and Gooch (1960) outlined a westward extension of magnetic rock, but 
it is not clear if the survey indicates in-place magnetite, or mag-
netite-bearing talus. Twenty tons of ore were produced from veins 
that assayed 1 to l~ ounces of gold per ton in Carmack claims along 
the South Fork of the Snoqualmie River. Small amounts of silver, 
lead, and copper are also present (Livingston, 1971). Tunnels and 
shafts totalling 375 ft (115 m) were constructed. The discovery of 
iron originally created speculative interest, but the small amounts 
of gold, silver, lead, zinc, copper and low-quality gemstones of 
garnet, quartz, actinolite, and epidote have not supported develop-
ment. The Denny Mountain gemstone location remains popular among 
amateur mineralogists. 
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Abundant disseminations of fine-grained pyrite and quartz occur 
in the Naches sedimentary and volcanic rocks of Red Mountain. The 
color of the entire mountain is a moderate reddish orange due to 
weathering' and oxidation of the pyrite. Short, exploratory adits have 
been driven on the south flank of Red Mountain on both sides of the 
intrusive contact, but no economic mineralization was apparently dis-
covered. 
Pyrite occur~_ near and along the intrusive contact of a small, 
intrusive plug in the Guye Formation, located along the Pacific Crest 
Trail 2800 to 5200 ft (850 to 1580 m) east of Source Lake (Pl. 1). 
Clusfers of euhedrar q\iartz crystals and small amounts of chlor-
ite, epidote, pyrite, and specularite also occur along and above the 
Pacific Crest Trail 1800 ft (550 m) east of Source Lake. They fill 
cavities in fractured mudstone of the Guye Formation. 
~9 
Rocks within a radius of 800 ft (245 m) from Franklin Falls have 
been extensively pyritized. 
STRUCTURAL GEOLOGY 
Introduction 
Rocks of the Snoqualmie Pass area have undergone several episodes 
of deformation {Pl. 1). Pre-batholithic deformation, produced in com-
pressive stress systems, occurred along north and northwest trends in 
rocks of the Denny Formation during the Permian or Mesozoic, and in 
the Guye, Mount catherine Tuff, Naches, and Denny Mountain Formations 
during the early to middle Tertiary. Emplacement of the Snoqualmie 
batholith during the middle Miocene caused folding and faulting in 
compressive and extensional stress systems in all rock units along es-
tablished trends as well as northeast and east trends. Reconstruction 
of the structures and positions of rock units after emplacement of the 
batholith and before regional erosion are shown in the cross sections of 
Plate 1. 
Four stages of deformation related to emplacement of the Snoqualmie 
batholith are recognized. During the first stage, a north-trending 
anticline, with an amplitude of more than 1 mi (1.6 km) was formed in 
a compressive stress system caused by forceful emplacement of magma. 
During the second stage, an extensional stress system, possibly 
caused by temporary deflation of the batholith, allowed blocks of strat-
ified rock to drop 1 to 2 mi (1.6 to 3.2 km). Deflation may have re-
sulted from surface venting of the batholith magma. 
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Blocks of the Denny Formation were uplifted several thousand feet 
' along north and northwest-trending faults during the third stage as a 
result of higher level emplacement of the Snoqualmie granodiorite. 
In the fourth stage, a different stress sytem formed during em-
placement of the Preacher Mountain quartz monzonite porphyry. Blocks 
of the Denny Formation were uplifted along east-and-northeast-trending 
faults cutting obliquely across stratigraphic contacts and previous 
structural trends. 
Folding 
Before high-level emplacement of the Snoqualmie batholith, and 
before deposition of the Denny Mountain Formation, the Guye, Mount 
Catherine Tuff, and Naches Formations in the Snoqualmie Pass area 
formed the east limb of a broad, north-trending anticline. The hinge 
of the anticline was located to the west in the area now oc~upied by 
the Snoqualmie granodiorite (Pl. 1). Later, an erosion surface develop-
ed on the deformed Guye, Mount Catherine Tuff, and Naches Formations. 
On this surface was deposited the Denny Mountain Formation. During the 
first stage of batholithic deformation, another north-trending anti-
cline was developed in the east limb of the pre-batholithic anticline, 
and refolded the Guye, Mount Catherine Tuff, and Naches Formations, 
and also folded, for the first time, the Denny Mountain Formation. 
This anticline was broken into segments during the second stage of 
batholithic deformation. These segments are the Snow Lake, East 
Bryant Peak, and Lodge Lake anticlines (Pl. 1). 
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The Snow Lake anticline is 4500 ft (1370 m) long, and, before 
erosion, extended vertically for more than 10,000 ft (3000 m) (cross ·· 
section A, Pl. 1). It terminates against Preacher Mountain quartz 
monzonite porphyry to the north and the Source Lake fault to the south 
(Fig. 11). ' The hinge area occurs in the Guye Formation, and is about 
1000 ft (300 cm) wide. The east limb merges with the limb of the pre-
batholithic anticline which dips 45 degrees to the east, and the 
west limb has been downfaulted about 9000 ft (2740 m) along the vert-
ically-dipping Snow Lake Fault. 
The north-trending East Bryant Peak anticline is 6000 ft (1830 m) 
long, and before erosion, it extended vertically for about 10,000 ft 
(3000 m) (cross section B, Pl. 1) It terminates against the Source 
Lake fault to the north, and the Denny Mountain fault to the: south. 
The anticline plunges 30 degrees south. The hinge area is about 2000 
ft (610 m) wide, and occurs in the Guye Formation to the north, and in 
the Denny Mountain Formation to the south. The east limb merges with 
the limb of the pre-batholithic anticline which dips 15 to 60 degr~es 
to the east, except in the Denny Mountain Formation, whose strata dip 
less steeply southward, east of the hinge area. The west limb has 
been downfaulted 7000 ft (2130 m) along the East Bryant Peak fault, 
and uplifted several thousand feet along the Denny Mountain fault. 
The west limb, containing the Denny Mountain Formation, steepens to 
vertical. 
The north-trending Lodge Lake anticline is 9000 ft (2740 m) long 
within the study area, continuing beyond, to the south. Before erosion 
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Figure 11. Location of the Snow Lake anticline and the Snow Lake fault. View is 
toward the northeast. (Photo taken 1500 ft (460 m) S 55°w from Source Lake.) 
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it extended vertically more than 11,000 ft (3350 m) (cross section 
D, Pl. 1). The north end terminates against the Alpental fault. The 
hinge area is less than 1000 ft {300 m) wide, and occurs in the Guye 
Formation. The east limb merges with the limb of the pre-batholitic 
anticline, which dips 40 to 60 degrees to the east, and the west limb 
has been downfaulted about 11,000 ft (3350 m) along the Franklin Falls 
and East Franklin Falls faults. 
Prior to batholithic emplacement, the Denny Formation had been 
extensively deformed. It was later broken into isolated fault blocks. 
Deformation of the Cave Ridge block consisted of the formation of 
northwest-trending antiforms and synforms developed in limestone (Vocke, 
1973) (cross section B, Pl. 1). 
Pre-batholithic warps and folds, trending northeastward, develop-
ed in the Guye and Naches Formations. The folds do not extend into the 
overlying Denny Mountain Formation. 
Emplacement of the batholith tightened many pre-batholithic warps 
and folds, and created new ones. Lateral compression tightened folds 
in the Guye Formation between Snoqualmie Pass and the mouth of Alpental 
Valley during emplacement of the Preacher Mountain quartz monzonite por-
phyry. These north-trending folds extend several thousand feet, and 
have wavelengths of about 1400 ft (430 m). North-trending, tight folds 
developed in the two fault blocks of the Guye Formation northwest and 
southwest of Source Lake. These folds extend the length of each block, 
4000 and 1500 ft (1200 and 460 m), respectively. Wavelengths in each 
are about 1200 ft (370 m). In the Naches Formation, an anticline-syncline 
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pair parallels pre-batholithic trends, and extends south from Red 
Mountain for more than 2 mi (3 km). A pair of open folds, formed dur-
ing emplacement of the Preacher Mountain quartz monzonite porphyry, 
trend northeastward across pre-batholithic trends. The pair plunge 
about 40°NE, and extend about 2 mi (3 km} north of Kendall Peak 
Lakes. 
Faulting 
Rocks near the Snoqualmie batholith were sliced into numerous 
blocks that have moved differentially several thousand feet vertical-
ly. While no faulting occurred during the first stage of batholithic 
deformation, other stages are represented by the downdropped blocks of 
the Guye, Mount Catherine Tuff, and Naches Formations (second s~age), 
the blocks of the Denny Formation uplifted along north-~nd norrihwest-
trending faults (third stage), and the blocks of the Denny Formation 
uplifted along east -and ·northeast-trending faults (fourth stage}. 
Cross-cutting relationships indicate that uplift of Denny Formation 
blocks occurred after downward displacement of blocks of the Guye, 
Mount Catherine Tuff, and Naches Formations. Denny Formation blocks 
along east· and .. northeast-trending faults rose after these along 
north ·and northwest-trending faults. 
During the second stage of batholithic deformation, the Guye and 
Mount Catherine Tuff were downdropped in two blocks near Source Lake 
along three steeply-dipping faults. These north-trending faults de-
veloped in the west limbs of tight folds as stress conditions exceeded 
the plastic limit of the rocks. Between Source Lake and Snow Lake, a 
block of the Guye Formation and Mount Catherine Tuff was downdropped 
9000 ft (2740 m) along the Snow Lake fault (cross section A, Pl. 1). 
Between Source Lake and Bryant Peak, the second block was downdropped 
7000 ft (2130 m) between the Bryant Peak and East Bryant Peak faults 
(cross section B, Pl. 1). These downthrown blocks are separated by 
the Source Lake fault. 
West of Snoqualmie Pass, between Franklin Falls and Lodge Creek, 
the Naches Formation, forming a third block, was downfaulted about 
11,000 ft (3350 m) along the Franklin Falls fault (cross section D, 
Pl. 1). The Mount Catherine Tuff, in a fourth block, was also down-
dropped several thousand feet along the East Franklin Falls fault. 
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During the third stage of batholithic deformation, two blocks of 
tha Denny Formation were uplifted at slightly different times. The 
first block, north of Snowshoe Falls, rose along the Denny Mountain 
fault. The amount of uplift probably did not exceed 15,000 ft (4600 m), 
otherwise regional metamorphism would be evident in the rocks of this 
block. A second block, located between Melakwa Lake and Snow Lake, 
rose along the Chair Peak fault, cutting across the north end of the 
first block and across the west sides of the blocks of the Guye and 
Mount Catherine Tuff. 
During the fourth stage of batholithic deformation, marked by in-
trusion of the Preacher Mountain quartz monzonite porphyry, blocks of 
the Denny Formation were uplifted along the east and · northeast-trending 
57 
Alpental fault zone at the south end of Denny Mountain and at Cave 
Ridge (Fig. 12). The intrusion of the Preacher Mountain quartz mon-
zonite porphyry filled and dilated the fault zone, and may have been 
emplaced as a ring dike. Faults produced during this stage cut ob-
liquely across stratigraphic contacts and previous structural trends. 
The stress system that caused uplift of blocks of the Denny Formation 
along the Alpental fault zone differed demonstrably from stress systems 
that developed in earlier stages of batholithic emplacement. 
SNOQUALMIE MTN 
I 
~UYE PEAK 
I 
INTERSTATE 90 
MTN 
Figure 12, Location of the Alpental fault, View is to 
the north-northeast from Snoqualmie Pass. 
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GEOLOGIC HISTORY 
1.. During middle or late Permian time, eruptions of basalt, andes-
ite, and small amounts of rhyolite and dacite built a series of 
volcanic deposits. Between eruptions, deposits of limestone 
and chert accumulated. The remnants of these great piles of 
volcanic rock, with interbedded limestone and chert comprise 
the Denny Formation. 
2. Rocks of the Denny Formation were deformed, probably during 
Mesozoic time. They were subsequently uplifted and dissected 
by streams which may have supplied rock fragments to the fluv-
ial sediments of the Guye Formation. 
3. During early Tertiary time, beginning probably in the Paleo-
cene epoch, the sedimentary and volcanic rocks composing the 
Guye Formation, Mount Catherine Tuff, and Naches Formation, 
were sequentially deposited. With a subsiding inland basin, 
elastic debris, carried by streams from volcanic hills or 
mountains, accumulated. Large areas of low relief contained 
meandering streams, flood plains, and swamps, which supported 
abundant flora. More energetic streams transported rock frag-
ments up to 3 inches in diameter. 
4. . Rhyolitic and dacitic ash-flows swept into the area and left 
sheets of welded tuff (the Mount Catherine Tuff) upon the Guye 
sediments. 
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5. - After- deposition of the Mount Ca~herine Tuff, sedimentary 
deposition resumed, but was sporadically interrupted by volcan-
ic deposition. With time, volcanism increased, and by about 
early Oligocene time, extensive deposits of volcanic rock made 
up the bulk of the upper Naches Formation. 
6. Before deposition of the Denny Mountain Formation, the Guye 
Formation, Mount Catherine Tuff, and Naches Formations were 
tilted, uplifted, and partly eroded. 
7. Dacitic and andesitic pyroclastic rocks and lava flows con-
stituting the Denny Mountain Formation were deposited on a 
terrain of low hills developed on the tilted and eroded Guye 
Formation during early Oligocene to middle Miocene time. 
8. In middle Miocene time, all formations in the Snoqualmie Pass 
area were intruded by the Snoqualmie granodiorite and Preacher 
Mountain monzonite porphyry of the Snoqualmie batholith. Maj-
or deformation, thermal metamorphism, hydrothermal alteration, 
and mineralization accompanied emplacement. • 
9. Following emplacement of the Snoqualmie batholith, the region 
of the central Washington Cascades was uplifted, invigorating 
erosion,.by streams, and, later, by glaciers, to remove several 
thousand feet of the roof_ov.er the _batholith and to expose the 
batholith and surrounding country rock. 
10. '" Today; five ·stratified ·uriits; ·ranging·in age from Permian .to 
Miocene (?), and two intrusive units of the Snoqualmie bath-
olith (middle Miocene) crop out in the Snoqualmie Pass area. 
All stratified units have been extensively folded and faulted 
during periods of deformation both before and during 
emplacement of the Snoqualmie batholith. 
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APPENDIX ·· · ' 
DESCRIPTION OF A MEASURED SECTION OF THE DENNY ~UNTAIN FORMATION TAKEN 
FROM A SERIES OF SAMPLE POINTS ALONG A LINE 
Location: Begins at elevation 4575 ft, .in the SE\ NW\ NW\ Sec. 32, 
T. 23 N., R. 11 E., and follows a line S 25oW up a draw to the 
upper terminal of a ski lift on ridge crest (elev. 5450 ft}, from 
there along a line S lO°E to the SE\ NW\ SW\ Sec. 32, T. 23 N., 
R. 11 E. 
Unit No. Description 
Present erosion surface 
19. Dacitic crystal-vitric tuff (in float), 
grayish red, weathers medium gray, horn-
blende(?) and plagioclase (?) crystals 
~eet 
highly altered, silicified ••••••••••• 1800 
18. Rocks in float: 
a. Tuff-breccia, very dusky purple, 
weathers grayish purple, blocks 
to 15 cm, 5 percent pumice blocks 
.silicified 
b. Dacitic crystal-vitric lapilli-tuff, 
grayish purple, weathers pale purple, 
5 percent plagioclase crystals, 
:t-Ieters 
.550 
silicified • • • • • • • • • • • • • • 1600-1700 490-520 
17. 
16. 
Vitric lapilli-tuff (in float), very 
dusky purple, weathers grayish purple, 
clots of finely disseminated pyrite, 
highly altered, textures obscure ••••••• 
Andesitic lithic tuff and lapilli-tuff, 
olive gray, weathers pale olive, a 50 ft 
(15 m) thick sequence, thin-bedded, and 
thick-bedded, poorly cemented, erodes 
into vertical slopes. • . • • • • • • • • 
1500 460 
1250-1300 380-395 
Unit No. 
15 • . ,_ 
14. 
Description 
Tuff-breccia, ·dark gray, 70 percent bloCks 
3-40 cm, 20 percent ash, 10 percent lapilli, 
blocks different compositions; porphyritic 
flow banded andesitic lava, pumiceous lap-
illi-tuff, and andesitic (?) crystal""V'itric 
tuff {plagioclase and hornblende}; rock high-
ly altered and silicified to quartz, biotite, 
actinolite, magnetite, and pyrite • • • • • • 
Dacitic crystal-vitric tuff, olive green, 
weathers to pale olive, plagioclase and 
hornblende (?) crystals, highly altered 
and silificied (located at upper terminal 
of chair lift) • • • • • • • • • • • • • • • 
13. Porphyritic andesitic lava (?), olive gray 
weathers pale olive, altered hornblende 
phenocrysts, rock highly altered, silici-
12. 
u. 
10. 
9. 
8. 
7. 
6. 
fied • • • • • • . . . . . . . . . . . . . . 
Volcanic breccia (?), olive gray blocks up 
to 30 cm, silicified, textures obscured ••• 
Andesitic lava (?), olive gray, possibly a 
crystal-vitric tuff, silicified, textures 
obscured • • • • • • • • • • • • • • • • • • 
Dacitic crystal-vitric lapilli-tuff, olive 
gray, weathers pale olive, 5 percent plagio-
clase crystals, silicifi.ed •••••••••• 
Pumiceous lapilli-tuff, dark gray, weathers 
light gray, 40 percent lapilli, 60 percent 
ash, 15 percent pumice, silicified • • • • • • 
Vitric tu££, dark gray, no crystals or rock 
fragments, silicified • • • • • • • • •• 
Dacitic crystal""V'itric tuff, dark· gray, 
weathers light gray, 50 percent plagioclase 
crystals, 20 .percent lithic, silicified ••• 
Lithic lapilli-tuff, dark gray, weathers 
light gray, mottled olive ·gray, 10 per-
cent blocks up to 25 cm, 30 percent lapi-
lli, 60 percent ash, silic:O:ied ••••• • • 
67 
Meters 
1230 375 
1150 350 
1080 330 
990 300 
950 290 
790 240 
730 220 
710 215 
660 200 
630 192 
Unit No, Description 
Present erosion surface 
5. Dacitic crystal-vitric tuff, dark gray, 
weathers light gray, 65 percent vitric, 30 
percent plagioclase crystals 1-3 mm long, 
5 percent black, altered hornblende cryst-
als 0.5-1 mm, silicified •••••••••• 
4. Lithic-vitric tuff, dark gray, weathers 
light gray, 50 percent vitric, 50 percent 
lithic, 5 percent pumice fragments 1-10 
cm, silicified • • • • • • • • • • • • • • • 
3. Same as (2), but contains 30-60 cm in 
diameter spherical inclusions consisting 
of calcite, epidote, actinolite, magnet-
ite, and garnet. May be xenoliths of the 
Denny Formation • • • • • • • • • • • • • 
2. Dacitic pumiceous, lithic-vitric tuff, 
medium gray, weathers grayish brown, 5-10 
mm across, half of lithic fragments black, 
equidimensional, other half flattened 
pumice 5-30 mm long; eutaxitic, 5-10 per-
cent plagioclase crystals 0.5-2 mm, silic-
• • 
if ied • • • • • • • • • • . . . . . . . . . . 
1. Dacitic vitric tuff, dark gray, 90 percent 
vitric, 5 percent plagioclase crystals, 5 
percent black lithic fragments, silicified •• 
Base not well exposed. Contact with the underlying 
Guye Formation is sharply unconformable 300 ft (90 m) 
east. 
Total thickness of section 
68 
Meters 
620 189 
470 143 
440 134 
120 
130 40 
1800 550 
